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Background: Preventing and rehabilitating gait disorders in people with dementia during early disease stage is of
high importance for staying independent and ambulating safely. However, the evidence gathered in randomized
controlled trials (RCTs) on the effectiveness of exercise training for improving spatio-temporal gait parameters in
people with dementia is scarce. The aim of the present study was to determine whether a specific, standardized
training regimen can improve gait characteristics in people with dementia.
Methods: Sixty-one individuals (mean age: 81.9 years) with confirmed mild to moderate stage dementia took part
in a 3-month double-blinded outpatient RCT. Subjects in the intervention group (IG) received supervised,
progressive resistance and functional group training for 3 months (2 times per week for two hours) specifically
developed for people with dementia. Subjects in the control group (CG) conducted a low-intensity motor placebo
activity program. Gait characteristics were measured before and after the intervention period using a computerized
gait analysis system (GAITRite®).
Results: Adherence to the intervention was excellent, averaging 91.9% in the IG and 94.4% in the CG. The exercise
training significantly improved gait speed (P < 0.001), cadence (P = 0.002), stride length (P = 0.008), stride time
(P = 0.001), and double support (P = 0.001) in the IG compared to the CG. Effect sizes were large for all gait
parameters that improved significantly (Cohen’s d: 0.80-1.27). No improvements were found for step width
(P = 0.999), step time variability (P = 0.425) and Walk-Ratio (P = 0.554). Interestingly, low baseline motor status, but
not cognitive status, predicted positive training response (relative change in gait speed from baseline).
Conclusion: The intensive, dementia-adjusted training was feasible and improved clinically meaningful gait
variables in people with dementia. The exercise program may represent a model for preventing and rehabilitating
gait deficits in the target group. Further research is required for improving specific gait characteristics such as gait
variability in people with dementia.
Trial registration: ISRCTN49243245* Correspondence: mschwenk@surgery.arizona.edu
1Department of Geriatric Research, Bethanien-Hospital/ Geriatric Center at
the University of Heidelberg, Heidelberg, Germany
2Department of Surgery, Interdisciplinary Consortium on Advanced Motion
Performance (iCAMP), College of Medicine, University of Arizona, 1656 E
Mabel Street, Tucson, Arizona 85724, USA
Full list of author information is available at the end of the article
© 2014 Schwenk et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.
Schwenk et al. BMC Geriatrics 2014, 14:73 Page 2 of 9
http://www.biomedcentral.com/1471-2318/14/73Background
Gait deficits are among the leading risk factors for falling
in both community dwelling and institutionalized older
adults [1,2]. Beside common factors for gait deficits such
as arthritis, foot problems or stroke, dementia can have
a considerable impact on gait performance. A systematic
review reported decreased walking speed and step length,
increased double limb support duration and gait variability
in people with dementia when compared with healthy
controls [3]. Furthermore, walking speed decreases as the
disease progresses. Gait deficits occur earlier in vascular
dementia whereas AD patients gait is affected during
moderate-severe stage [3,4].
Preventing and rehabilitating gait disorders in people
with dementia during early disease stage is of high im-
portance for staying independent and ambulating safely
[5]. Even relatively mild gait impairments may still have
a significant impact on functional mobility. For example,
reductions in walking speed can impede one’s ability to
navigate between two points in a timely manner. This
may result in difficulty crossing a street, incontinence
accidents, or it may cause people to rush more than
usual and may further escalate their instability and risk
of falling [5,6].
Controversial results have been reported for the effect
of exercise training on gait performance in people with
dementia. Some studies did not report significant effects
[7-9]. Others found significant improvements in gait
speed [10-13], although effect sizes in most of these
studies were small [14,15], limiting the clinical meaning-
fulness of results. Potential causes for the lack of the ef-
fectiveness of training interventions include non-specific
intervention strategies; insufficient intensity, duration
and standardization of training; and lack of specific ap-
proaches toward patients with dementia as discussed in
systematic reviews [14-17]. The specific factors affecting
training response were often not reported in studies
[14-17]. Many exercise trials have methodological deficits
such as small sample sizes, poorly described randomisa-
tion methods, incomparability of study groups at baseline,
or insufficient diagnosis of dementia [14-16]. Importantly,
most studies have used subjective (e.g. Performance
Oriented Mobility Assessment, POMA [11,18,19]) or
semi-objective gait measures (stopwatch [7,8,10-13]) only.
These measures do not provide spatio-temporal gait pa-
rameters beyond speed and are observer-dependent. High
quality exercise trials using both objective computerized
gait analysis and established exercise programs for pro-
viding sound evidence for the positive effect of exercise
training on gait characteristics in people with dementia
are lacking.
The aim of the present study was to evaluate the effect
of a 3-month intensive progressive resistance and func-
tional training program on gait characteristics in peoplewith confirmed mild to moderate dementia. A second
aim was to analyse whether cognitive function and/or
other factors were associated with training response.Methods
Study design
The study was designed as a double-blinded, randomized,
controlled intervention trial. Neither the testers nor the
participants were aware of group identity. The study was
approved by the ethic committee of the Medical Depart-
ment of the University of Heidelberg. The trial was regis-
tered at www.controlled-trials.com (ISRCTN49243245).
The results of the parent study focusing on strength and
functional performances as quantified by semi-objective
(stopwatch) performance-based tests have been published
previously [20]. The specific exercise effects on gait
characteristics as measured by computerized spatial and
temporal gait measurement (GAITRite® system) in a
subsample of 61 participants (out of 122 recruited for
the parent study) are presented in this paper. As the
electronic GAITRite® system was available only during
the second half of the parent study, the gait analysis was
conducted in a subsample of consecutively recruited
participants (participant 62–122) of the parent study.Study population
Individuals were consecutively recruited during rehabilita-
tion at a geriatric hospital (Bethanien-Hospital/Geriatric
Centre at the University of Heidelberg, Germany) or
from outpatient nursing care services from March 2007
to January 2008. Eligible subjects were screened for cog-
nitive function by the Mini-Mental State Examination
(MMSE) [21]. In individuals meeting the inclusion criteria
for cognitive impairment (MMSE scores 17–26), a demen-
tia diagnosis was confirmed according to international
standards [22,23], based on medical history, clinical exam-
ination, cerebral imaging, and neuropsychological testing
(Consortium to Establish a Registry for Alzheimer’s
Disease [24]; Trail Making Test [25]). Further inclusion
criteria were age 65 and older; ability to walk 10 metres
without walking aid; no uncontrolled or terminal neuro-
logic, cardiovascular, metabolic, or psychiatric disorder;
residence within 15 kilometres of the study centre; written
informed consent; approval by the treating physician and
the legal guardian (if appointed). Subjects meeting the in-
clusion criteria were randomly assigned to the interven-
tion group (IG) or the control group (CG) after baseline
testing at the end of ward rehabilitation. Subjects were
assigned to their treatment using the urn design [26]
(numbered containers), stratified according to sex and
location of recruitment (hospitalized vs. other) The se-
quence was concealed until interventions were assigned
after baseline measurement. A person unrelated to the
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participants to their study group.
Intervention
The IG underwent a regimen of progressive resistance and
functional training in groups of four to six participants for
3 months (2 hours, twice a week) supervised by a qualified
instructor as described previously [20,27,28]. Resistance
training was targeted at functionally relevant muscle
groups at a submaximal intensity (70-80% of one repetition
maximum (1-RM)). As the training progressed, the applied
weight was continuously increased as necessary to keep
the individual within the target range of 70-80% of the
1RM. The 10-RM test was used in order to adjust intensity
of resistance training during the intervention period.
The functional training focused on basic activity of daily
living (ADL)-related motor functions including sitting
down and standing up from a chair, standing (static and
dynamic postural control) and walking. When participants
were stable in basic walking over a distance of 10 metres
they progressed to advanced levels of walking exercise.
Complexity and challenge of tasks were progressively in-
creased by using goal-oriented progressively difficult step-
ping and walking patterns to promote the timing and
coordination of walking. Walking patterns progressed by
altering speed, amplitude (e.g., narrowing oval width), or
accuracy of performance (e.g., without straying from the
desired path) and then to complex patterns such as walk-
ing past other walkers and combined upper extremity
tasks such as carrying, bouncing, or tossing a ball.
Trainers used specific strategies to promote exercise in
people with dementia as described by Oddy et al. [29].
This included communication strategies such as speak-
ing slowly and clearly with instructions repeated several
times. Simple direct requests (‘Mrs Brown, please walk
to the window’) were used rather than indirect requests
(‘Mrs Brown, can you walk to the window for me?’).
Tactile and rhythmic cues were provided to ensure cor-
rect execution of movements. Much attention was fo-
cussed on emotional aspects such as reassurance and
empathy towards each participant as is described in
dementia-care guidelines [30].
All participants assigned to the CG met two times per
week for 1 hour of supervised motor placebo group train-
ing. Typical activities were flexibility exercise, calisthenics,
low-intensity training with hand-held weights, and ball
games while seated. Participants were blinded because
they had not been informed of the different effectiveness
of the two training regimens, which prevented expecta-
tions of the training effects.
Measurements
Measurements were performed before randomization
(T1) and at the end of the intervention period (T2). Allmeasurements were performed by validated, established
tests. Training adherence was documented as percent-
age of training sessions successfully performed by each
participant.
Clinical characteristics
Clinical characteristics including medication (number),
comorbidity (Cumulative Illness Rating Scale, CIRS) [31],
and social status were documented from patient charts.
Screening for depression (Geriatric Depression Scale,
GDS, 30-item version) [32] and falls during the previous
year were documented by standardized interviews. Func-
tional status was quantified by the Barthel Index [33], the
Performance Oriented Mobility Assessment (POMA) [34],
and lower extremity strength as measured by the 1-RM as
achieved in a leg-press training machine (Kaphingst,
Lahntal, Germany).
Gait performance
Gait performance was measured by temporal and spatial
gait variables (speed, cadence, stride length, stride time,
double support [as percentage of stride time], step width,
step time variability, and Walk-Ratio defined as step
length/cadence-ratio [35]) using a GAITRite® system
(CIR Systems Inc., Havertown, PA). The GAITRite® is an
electronic gait analysis system (4.9 meter length) based on
embedded pressure sensors which demonstrated high val-
idity relative to a 3-dimensional motion analysis system
[36]. Subjects were instructed to walk as fast as possible
but safely. Participants started walking 2 meters prior to
reaching the electronic walkway and stopped 2 meters
beyond it for measuring steady-state walking [37]. Each
participant performed two walking trials. The mean values
of both walks were used for statistical analysis.
Sample size was calculated for increase in gait speed
during the training intervention period using results of a
previous study [27]. Based on an effect size of d = 1.1,
statistical power of 90%, a significance level of .05, and a
drop-out rate of 25%, a sample size of 48 participants
was needed to verify a significant intervention effect.
Statistical analysis
Unpaired t-tests and Chi-square-tests were used for base-
line comparison according to the scale of the investigated
variable. Primary study endpoint was gait speed; all other
gait variables were secondary outcome measures. Analysis
of covariance (ANCOVA) was used to compare the effect
of the intervention on gait variables at follow-up adjusting
for baseline values. Effect sizes were calculated as Cohen’s
d (adjusted mean treatment difference/pooled standard
deviation). A Cohen’s d of 0.2 was considered as small, 0.5
as medium, and 0.8 as large [38].
Univariate linear regression analyses were performed to
delineate predictive factors of training response (relative
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included baseline cognitive parameters (MMSE, Trail-
Making Test, CERAD subtests including early and de-
layed recall, recall of symbols, discrimination, verbal
fluency, visuoconstructive abilities), age, gender, ADL-
status (Barthel Index), comorbidity (CIRS), depression
(GDS), baseline motor variables (POMA, lower extremity
strength), and adherence to the intervention. Significant
correlates at P-values of 0.1 or less were retained for a
multivariate regression model (stepwise backward) to
identify independent predictive variables of training re-
sponse. Influences of variables are given as regression
coefficients β and general fit of the model is reported by
the coefficient of determination R2.
Associations between changes in gait characteristics
(relative pre- to post changes) and changes in lower ex-
tremity strength (1-RM) respectively changes in functional
performance (POMA) were quantified by Pearson’s correl-
ation coefficients. Correlations were considered low (r <
0.2), moderate (r = 0.2-0.5), or good (r > 0.5) according to
the recommendations of Cohen [38]. Data on interven-
tion–related changes in lower extremity strength and
functional performance (POMA) are not displayed in this
paper since results have been published in a previous
paper describing result of the parent study [20]. Statistical
analysis was performed using SPSS statistics 17.0 (IBM,
Armonk, NY, USA).Figure 1 Flow diagram of progress through the phases of screening,Results
Eight hundred forty-one patients admitted to the hospital
were screened for eligibility. The process of screening, en-
rolment, allocation, follow-up, and data analysis is shown
in the Figure 1. Sixty-one subjects were recruited into the
study. Ten individuals (16.4%) who had given consent and
were randomized (5 IG, 5 CG) did not start the study after
returning home from the hospital. Two participants (3.3%)
dropped out during the intervention period (1 IG, 1 CG).
Adherence to the intervention was excellent, averaging
91.9% in the IG and 94.4% in the CG. Training was safe
despite participants’ advanced frailty, multimorbidity, and
impairment, and no severe training-related adverse events
occurred. No participant rejected the study challenges
during training or testing.
The participants’ mean age was 81.9 ± 7.5 years and
MMSE averaged 21.4 ± 2.9 points. Twenty-four (39.3%)
had a possible depressive disorder based on the results of
the screening tool (GDS ≥ 10 points). Baseline physical
performance was low: Tinetti’s POMA averaged 20.7 ± 5.3
points and maximum gait speed averaged 1.3 ± 0.4 meters
per second. Thirty-four (55.7%) subjects reported 1 or
more falls in the last year. Fifty-four (88.5%) were dis-
charged home after recruitment and 7 (11.5%) were in-
stitutionalized. No differences between IG and CG were
found for any variable at baseline (Table 1). To control
for correct randomization, baseline characteristics wereenrolment, allocation, follow-up, and data analysis.






Age, years 80.4 ± 7.1 82.3 ± 7.9 0.309
Women, number 17 (65.0) 22 (62.9) 0.839
Mini mental state examination, score 21.0 ± 2.9 21.7 ± 2.9 0.307
Education, years 11.3 ± 3.2 10.8 ± 2.3 0.462
Barthel activities of daily living, score 82.7 ± 17.5 83.2 ± 14.0 0.883
Geriatric depression scale 30 point, score 9.0 ± 5.9 8.6 ± 5.2 0.812
Cumulative illness rating scale, score 22.9 ± 3.1 22.8 ± 3.7 0.984
Number of medication 6.8 ± 3.4 6.4 ± 2.6 0.680
History of falls in the last year, number of patients 13 (50.0) 21 (60.0) 0.293
Performance oriented mobility assessment, score 21.1 ± 5.3 20.4 ± 5.4 0.630
Maximum lower extremity strength (1-RM leg press), KG 150.9 ± 57.5 143.0 ± 45.3 0.551
Maximum gait speed, m/sec 1.33 ± 0.54 1.28 ± 0.37 0.711
Data are mean ± standard deviation or number (%). 1-RM = one repetition maximum. P-values are given for differences between the intervention and control
group.
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those participants who stayed in the trial until T2. No
differences were found between dropout-adjusted groups
(P = 0.101-0.934). Results are consistent with the statistical
analysis for the whole group initially recruited (Table 1),
suggesting no systematic bias by dropouts.Effect of the intervention on spatio-temporal gait
parameters
Values of baseline and follow-up assessment, adjusted
mean treatment difference, effect sizes, and percentage
change from baseline are reported in Table 2. Significant
training-related improvements were obtained for gait
speed, cadence, stride length, stride time and double
support in the IG compared to the CG (P ≤ 0.001-0.008).
Effect sizes were large for all gait parameters that changed
significantly (range Cohen’s d: 0.80 – 1.27) with highest
effects for gait speed and lowest effects for stride length.
No significant effects were found for step width, step
time variability, and Walk-Ratio (P = 0.554 - 0.999).Variables associated with improvement in gait
characteristics
Predictors of improvement in gait speed were higher mul-
timorbidity (CIRS: β = 0.554, R2 = 0.307, P = 0.011), higher
depression (GDS: β = 0.460, R2 = 0.212, P = 0.041), and
lower functional performance (POMA: β = −0.519, R2 =
0.269, P = .019) at baseline. In the multivariate regression
model, higher multimorbidity (CIRS: β = 0.480, P = 0.011)
and lower functional performance (POMA: β = −0.437,
P = 0.023) at baseline were independently associated
with improvements in gait speed (R2 = 0.493). Cognitive
parameters (P = 0.191-0.725), age (P = 0.553), gender (P =0.773), baseline strength (1-RM leg press, P = 0.190), and
adherence (P = 0.624) did not predict training response.
Improvement in functional performance (POMA) was
significantly associated with improvement in stride-length
(r = 0.537, P = 0.015), but not with improvement in other
gait variables (speed r = 0.400, P = 0.080; cadence r =
0.110, P = 0.646; stride time r = −0.152, P = 0.523; double
support r = −0.080, P = 0.737). Improvement in lower ex-
tremity strength (1-RM leg press) was significantly associ-
ated with improvement in cadence (r = 0.454, P = 0.045),
but not with improvement in other gait variables (speed
r = 0.410, P = 0.073; stride length r = 0.257, P = 0.273;
stride time r = −0.413, P = 0.071; double support
r = −0.046, P = 0.847).
Discussion
This study shows that a 12-week exercise program,
based on progressive resistance and functional training,
improved relevant spatio-temporal gait parameters in
people with confirmed mild to moderate dementia.
Present findings suggest that intensive exercise training
is feasible in the target group and substantially improves
functional performance in terms of walking ability,
which is a hallmark of mobility-related quality of life
and independence.
To prevent methodological shortcomings as reported
in systematic reviews [14-17], a special focus was put
on the design and intervention of the present study.
Established, standardized training methods including
high-intensity, progressive resistance and functional
training were used that had been applied in successful
interventions in multimorbid, frail older adults before
[27,28], a dementia-specific, patient-centered approach
supervised by trained instructors was developed, a clear
Table 2 Effect of the intervention on spatio-temporal gait variables
Gait variables
Baseline
IG: n = 20
CG: n = 29
Follow-up
IG: n = 20









IG 132.67 ± 55.67 149.32 ± 48.21 18.32 <0.001 IG: 12.5
CG 128.66 ± 38.20 127.64 ± 35.65 (9.85 to 26.80) 1.27 CG: −0.8
Cadence, steps/min
IG 137.14 ± 21.13 145.39 ± 20.82 11.16 0.002 IG: 6.0
CG 134.47 ± 17.85 131.98 ± 19.17 (4.37 to 17.94) 0.96 CG: −1.9
Stride length, cm
IG 116.58 ± 42.55 124.82 ± 37.44 7.88 0.008 IG: 7.1
CG 115.31 ± 29.47 115.89 ± 25.66 (2.14 to 13.61) 0.80 CG: 0.5
Stride time, sec
IG 0.90 ± 0.15 0.84 ± 0.13 −0.08 0.001 IG: 6.7
CG 0.91 ± 0.11 0.92 ± 0.12 (−0.12 to −0.03) 0.99 CG: −1.1
Double support,% of stride time
IG 26.92 ± 8.93 23.04 ± 7.78 −2.89 0.001 IG: 14.4
CG 25.85 ± 6.06 25.39 ± 5.99 (−4.53 to −1.25) 1.03 CG: 1.8
Step width, cm
IG 11.34 ± 4.18 11.08 ± 4.95 0.001 0.999 IG: 2.3
CG 10.18 ± 4.23 9.94 ± 4.42 (−1.24 to 1.24) 0.00 CG: 2.4
Step time variability, CV
IG 5.24 ± 3.41 5.08 ± 2.05 −0.47 0.425 IG: 3.1
CG 5.03 ± 2.48 5.40 ± 2.56 (−1.65 to 0.71) 0.22 CG: −7.4
Walk-Ratioe
IG 0.43 ± 0.16 0.44 ± 0.15 −0.01 0.554 IG: 2.3
CG 0.43 ± 0.12 0.44 ± 0.11 (−.04 to 0.02) 0.18 CG: 2.3
Data presented as mean ± standard deviation. IG, intervention group; CG, control group; CI, confidence interval; CV, coefficient of variation; aadjusted for baseline
value using ANCOVA (Baseline values total sample, n = 49: speed 130.30 ± 45.63; cadence 135.56 ± 19.09; stride length 115.82 ± 34.98; stride time 0.90 ± 0.13;
double support 26.29 ± 7.30; step time variability 5.12 ± 2.88; step width 10.66 ± 4.21; walk-ratio 0.43 ± 0.14); bP-values from ANCOVA comparing the effect of the
intervention on gait parameters at follow-up adjusting for baseline values; cadjusted mean treatment difference/pooled standard deviation; dpositive scores
indicate improvement; estep length/cadence ratio.
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was used, a homogeneous sample with respect to cognitive
status was selected and objective computerized spatio-
temporal gait analysis was used to document training
effects on gait characteristics. Predictors of training re-
sponse that had not been addressed in previous studies
were additionally reported on.
The adjusted mean treatment difference found for gait
speed (18.3 cm/sec) represents a substantial clinically
meaningful change [39,40]. Training effect on gait speed
obtained in the present study considerably exceeded
results of a recent meta-analysis of exercise effects on
gait speed in people with dementia (mean difference:
6 cm/sec) [14].
Importantly, the exercise training improved both spatial
(stride length) and temporal (double support) gait pa-
rameters which represent predictive indicators of fall-
risk in people with dementia [41-43]. Reducing stridelength as well as increasing the percentage of double
support during the gait cycle is an attempt to minimize
postural instability and indicates deficits in balance con-
trol [44]. Our results demonstrate that the stride length
was significantly increased and the double support sig-
nificantly reduced in the IG compared to the CG. These
findings indicate improved dynamic balance control and
reduced risk of falling during walking in people with de-
mentia as a result of participating in the presented exercise
training program.
Before starting the intervention spatio-temporal gait
parameters of the study participants were comparable with
those found in prefrail populations as described in a recent
systematic review [45]. After the intervention gait charac-
teristics in the IG were comparable with those of nonfrail
older adults whereas gait performance in the CG remained
on a prefrailty level. These results may suggest that phys-
ical prefrailty as characterized by gait impairment can be
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sive strength and functional training.
The gait improvements found in the present study are
most likely related to the combination of resistance and
functional exercises. Previous studies which used func-
tional training (walking exercise) only in the target
group did not report improvements in gait speed [46],
potentially due to the lack of resistance exercises for im-
proving lower extremity strength. Likewise, studies using
resistance training only but no functional training also had
limited effect on gait performances as reported in a sys-
tematic review [15]. Our study results show that improve-
ments in gait characteristics are related to both a training
related-increase in lower extremity strength and an in-
crease functional performance (POMA). Present findings
suggest that both resistance and functional training are
important for improving gait performance in the target
group.
While we found effects for several gait parameters as
described above, other gait variables including step width,
step time variability, and Walk-Ratio did not change as a
result of the exercise program. Previous studies have iden-
tified an increase in step width as a compensation mech-
anism for gait instability in older adults [47]. Reduced
stride width (which is similar to step width used in this
study) has been linked to increased fall risk in older adults
[48]. Specific exercise programs such as tai chi have re-
sulted in increased stride width [49], potentially related to
the tai chi characteristics including wide stances with large
base of support. In contrast, our exercise program incor-
porated specific walking tasks such as narrowing step
width aiming to improve lateral stability. However, these
walking tasks did not result in a change of step width after
the intervention, which may either suggest that partici-
pants did not improve in lateral stability or did not re-
duce step width intentionally as this may increase fall
risk. It should be also noted that reliability of measur-
ing step width is lower compared to measuring other
spatio-temporal gait parameters such as step length [50],
which may have masked potential training related changes
in this parameter in the present study.
Increased gait variability has been defined as dementia-
specific gait disorder not only associated to motor dis-
orders but also to problems with central processing of
information [51]. In the present study limited effects
on step time variability may suggest that our exercise
program is not effective for improving specific cognition-
related gait characteristics but is rather effective for im-
proving gait characteristics associated with strength/
functional performances (i.e. gait speed, step length, ca-
dence, etc.). It remains a future task if specific motor
learning walking exercise programs including both over-
ground and treadmill walking for reinforcing rhythmic
stepping [52] are effective for reducing gait variability inpeople with dementia. On the same note, the short
GaitRite® system (4.9 meter) used in the present study
may have lowered reliability of measuring gait variabil-
ity. Reliability of measuring gait variability increases as
a function of walking distance and 20 meter continu-
ous walking has been suggested for accurately measuring
this parameter [53].
The Walk-Ratio in our sample at baseline (total group
0.43; female 0.41; male 0.47) was lower compared to
physically active 80–85 years old women walking under
same conditions (fast walking, Walk-Ratio 0.53 [35]),
suggesting a ‘cautious gait pattern’ in our participants, as
previously identified in individuals with dementia [54].
The Walk-Ratio decreases with increasing gait speed
[35]. The finding in our study that there was no change
in the Walk-Ratio following the trial may indicate that
walking speed was increased, whereas the same walking
stability was maintained, as discussed in earlier studies
on the effect of exercise training on gait characteristics
in non-demented older adults [55].
Cognitive status had been identified as a negative pre-
dictor of training response in some, but not all, observa-
tional studies [17]. In RCTs using general cognitive status
for prediction of training response, effects of cognitive
subdomains on trainability have rarely been studied. In
the present study the general level of cognitive impairment
and specific performance in cognitive subdomains did not
influence training response. Our study results confirm that
a response to exercise training can be achieved despite
cognitive impairment.
Participants with higher multimorbidity and lower func-
tional status at baseline had a better training response.
These findings may suggest that the most functionally im-
paired participants reaped the most benefit. Results are in
accordance with earlier studies indicating that participants
with the lowest performance benefit most from physical
activity interventions [56].
Based on the patient-centered approach, training
adherence was excellent suggesting high feasibility of
intensive exercise training specifically designed for indi-
viduals with dementia. Adherence exceeded the results of
most other RCTs using exercise training in individuals
with cognitive impairment [16,17]. Training was safe
despite participants’ advanced frailty, multimorbidity,
and impairment, and no severe training-related adverse
events occurred.
A limitation of this study is that results achieved in
participants with mild to moderate dementia may not
generalize to those with more severe dementia. Although
we developed a specific training program with high ef-
fectiveness for improvement on functional performances
such as walking, we cannot exclude a time-related effect
because time spent in group sessions differed between
study groups. Another limitation is the lack of follow up
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related changes in gait characteristics.
Conclusions
In summary, this RCT provides Class Ib evidence [57] that
the presented, dementia-adjusted progressive strength and
functional training regimen is beneficial for improving
clinically relevant gait characteristics in people with mild
to moderate dementia. The training program may repre-
sent a model for preventing and rehabilitating gait deficits
in persons with dementia during early disease stage. Fur-
ther research is required to identify exercise training pro-
grams effective for improving specific gait characteristics
such as gait variability in people with dementia.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
MS: Preparation of manuscript, statistical analysis, study management and
interpretation of data. TZ: Acquisition of participants. SE: Statistical analysis.
KH: Development of concept and design, study management, acquisition of
funding. All authors including GG and BN contributed to interpretation of
data, drafting the article and final approval of the version to be published.
Acknowledgements
We thank Anna-Denise Trumpfheller for data collection, Anna Czempik for
training, supervision, and participant recruitment (both Bethanien-Hospital/
Geriatric Center, University of Heidelberg), and Marilyn Gilbert (interdisciplinary
Consortium on Advanced Motion Performance, University of Arizona) for critical
revision of the manuscript.
This study was supported by the Baden-Wuerttemberg Stiftung, the Robert
Bosch Stiftung, the Dietmar Hopp Stiftung, and by a postdoctoral research
fellowship of the German Academic Exchange Service (DAAD).
Author details
1Department of Geriatric Research, Bethanien-Hospital/ Geriatric Center at
the University of Heidelberg, Heidelberg, Germany. 2Department of Surgery,
Interdisciplinary Consortium on Advanced Motion Performance (iCAMP),
College of Medicine, University of Arizona, 1656 E Mabel Street, Tucson,
Arizona 85724, USA. 3Arizona Center on Aging, University of Arizona, Tucson,
USA. 4Institute of Medical Biometry and Informatics, University of Heidelberg,
Heidelberg, Germany.
Received: 12 February 2014 Accepted: 6 June 2014
Published: 12 June 2014
References
1. Guideline for the prevention of falls in older persons. American geriatrics
society, British geriatrics society, and american academy of orthopaedic
surgeons panel on falls prevention. J Am Geriatr Soc 2001,
49(5):664–672.
2. Rapp K, Becker C, Cameron ID, Konig HH, Buchele G: Epidemiology of falls
in residential aged care: analysis of more than 70,000 falls from
residents of bavarian nursing homes. J Am Med Dir Assoc 2012,
13(2):187. e181-186.
3. van Iersel MB, Hoefsloot W, Munneke M, Bloem BR, Olde Rikkert MG:
Systematic review of quantitative clinical gait analysis in patients with
dementia. Z Gerontol Geriatr 2004, 37(1):27–32.
4. Verghese J, Lipton RB, Hall CB, Kuslansky G, Katz MJ, Buschke H:
Abnormality of gait as a predictor of non-Alzheimer’s dementia. N Engl J
Med 2002, 347(22):1761–1768.
5. Canavan PK, Cahalin LP, Lowe S, Fitzpatrick D, Harris M, Plummer-D’Amato
P: Managing gait disorders in older persons residing in nursing homes: a
review of literature. J Am Med Dir Assoc 2009, 10(4):230–237.6. Langlois JA, Keyl PM, Guralnik JM, Foley DJ, Marottoli RA, Wallace RB:
Characteristics of older pedestrians who have difficulty crossing the
street. Am J Public Health 1997, 87(3):393–397.
7. Tappen RM, Roach KE, Applegate EB, Stowell P: Effect of a combined
walking and conversation intervention on functional mobility of nursing
home residents with Alzheimer disease. Alzheimer Dis Assoc Disord 2000,
14(4):196.
8. Pomeroy VM, Warren CM, Honeycombe C, Briggs RS, Wilkinson DG,
Pickering RM, Steiner A: Mobility and dementia: is physiotherapy
treatment during respite care effective? Int J Geriatr Psychiatry 1999,
14(5):389–397.
9. Schwenk M, Dutzi I, Englert S, Micol W, Najafi B, Mohler J, Hauer K: An
Intensive Exercise Program Improves Motor Performances in Patients
with Dementia: Translational Model of Geriatric Rehabilitation.
J Alzheimers Dis 2014, 39(3):487–498.
10. Thomas VS, Hageman PA: Can Neuromuscular Strength and Function in
People With Dementia Be Rehabilitated Using Resistance-Exercise
Training? Results From a Preliminary Intervention Study. J Gerontol A Biol
Sci Med Sci 2003, 58(8):M746–M751.
11. Hageman PA, Thomas VS: Gait performance in dementia: the effects of a
6-week resistance training program in an adult day-care setting. Int J
Geriatr Psychiatry 2002, 17(4):329–334.
12. Toulotte C, Fabre C, Dangremont B, Lensel G, Thevenon A: Effects of
physical training on the physical capacity of frail, demented patients
with a history of falling: a randomised controlled trial. Age Ageing 2003,
32(1):67–73.
13. Rolland Y, Pillard F, Klapouszczak A, Reynish E, Thomas D, Andrieu S, Riviere
D, Vellas B: Exercise program for nursing home residents with Alzheimer’s
disease: a 1-year randomized, controlled trial. J Am Geriatr Soc 2007,
55(2):158–165.
14. Potter R, Ellard D, Rees K, Thorogood M: A systematic review of the effects
of physical activity on physical functioning, quality of life and depression
in older people with dementia. Int J Geriatr Psychiatry 2011,
26(10):1000–1011.
15. Blankevoort CG, van Heuvelen MJ, Boersma F, Luning H, de Jong J, Scherder
EJ: Review of effects of physical activity on strength, balance, mobility
and ADL performance in elderly subjects with dementia. Dement Geriatr
Cogn Disord 2010, 30(5):392–402.
16. Pitkala K, Savikko N, Poysti M, Strandberg T, Laakkonen ML: Efficacy of
physical exercise intervention on mobility and physical functioning in
older people with dementia: a systematic review. Exp Gerontol 2013,
48(1):85–93.
17. Hauer K, Becker C, Lindemann U, Beyer N: Effectiveness of physical
training on motor performance and fall prevention in cognitively
impaired older persons: a systematic review. Am J Phys Med Rehabil 2006,
85(10):847–857.
18. Santana-Sosa E, Barriopedro MI, Lopez-Mojares LM, Perez M, Lucia A:
Exercise training is beneficial for Alzheimer’s patients. Int J Sports Med
2008, 29(10):845–850.
19. Shaw FE, Bond J, Richardson DA, Dawson P, Steen IN, McKeith IG, Kenny RA:
Multifactorial intervention after a fall in older people with cognitive
impairment and dementia presenting to the accident and emergency
department: randomised controlled trial. BMJ 2003, 326(7380):73.
20. Hauer K, Schwenk M, Zieschang T, Essig M, Becker C, Oster P: Physical
training improves motor performance in people with dementia: a
randomized controlled trial. J Am Geriatr Soc 2012, 60(1):8–15.
21. Folstein MF, Folstein SE, McHugh PR: “Mini-mental state”. A practical
method for grading the cognitive state of patients for the clinician.
J Psychiatr Res 1975, 12(3):189–198.
22. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM:
Clinical diagnosis of Alzheimer’s disease: report of the NINCDS-ADRDA
Work Group under the auspices of Department of Health and Human
Services Task Force on Alzheimer’s Disease. Neurology 1984,
34(7):939–944.
23. Roman GC, Tatemichi TK, Erkinjuntti T, Cummings JL, Masdeu JC, Garcia JH,
Amaducci L, Orgogozo JM, Brun A, Hofman A, Moody DM, O'Brien MD,
Yamaguchi T, Grafman J, Drayer BP, Bennett DA, Fisher M, Ogata J, Kokmen
E, Bermejo F, Wolf PA, Gorelick PB, Bick KL, Pajeau AK, Bell MA, DeCarli C,
Culebras A, Korczyn AD, Bogousslavsky J, Hartmann A, et al: Vascular
dementia: diagnostic criteria for research studies. Report of the
NINDS-AIREN International Workshop. Neurology 1993, 43(2):250–260.
Schwenk et al. BMC Geriatrics 2014, 14:73 Page 9 of 9
http://www.biomedcentral.com/1471-2318/14/7324. Morris JC, Mohs RC, Rogers H, Fillenbaum G, Heyman A: Consortium to
establish a registry for Alzheimer’s disease (CERAD) clinical and
neuropsychological assessment of Alzheimer’s disease. Psychopharmacol
Bull 1988, 24(4):641–652.
25. Oswald WD: Nuernberger Altersinventar (NAI). Goettingen: Hogrefe; 1995.
26. Wei LJ: A class of designs for sequential clinical trials. J Am Stat Assoc
1977, 72:382–386.
27. Hauer K, Rost B, Rutschle K, Opitz H, Specht N, Bartsch P, Oster P, Schlierf G:
Exercise training for rehabilitation and secondary prevention of falls in
geriatric patients with a history of injurious falls. J Am Geriatr Soc 2001,
49(1):10–20.
28. Hauer K, Specht N, Schuler M, Bartsch P, Oster P: Intensive physical training
in geriatric patients after severe falls and hip surgery. Age Ageing 2002,
31(1):49–57.
29. Oddy R: Promoting mobility in patients with dementia: some suggested
strategies for physiotherapists. Physiother Theory Pract 1987, 3(1):18–27.
30. Kitwood T, Bredin K: Towards a theory of dementia care: personhood and
well-being. Ageing Soc 1992, 12:269–287.
31. Parmelee PA, Thuras PD, Katz IR, Lawton MP: Validation of the Cumulative
Illness Rating Scale in a geriatric residential population. J Am Geriatr Soc
1995, 43(2):130–137.
32. Allgaier AK, Kramer D, Mergl R, Fejtkova S, Hegerl U: [Validity of the
geriatric depression scale in nursing home residents: comparison of
GDS-15, GDS-8, and GDS-4]. Psychiatr Prax 2011, 38(6):280–286.
33. Mahoney FI, Barthel DW: Functional Evaluation: The Barthel Index. Md
State Med J 1965, 14:61–65.
34. Tinetti ME: Performance-oriented assessment of mobility problems in
elderly patients. J Am Geriatr Soc 1986, 34(2):119–126.
35. Zijlstra A, de Bruin ED, Bruins N, Zijlstra W: The step length–frequency
relationship in physically active community-dwelling older women. Eur J
Appl Physiol 2008, 104(3):427–434.
36. Webster KE, Wittwer JE, Feller JA: Validity of the GAITRite walkway system
for the measurement of averaged and individual step parameters of
gait. Gait Posture 2005, 22(4):317–321.
37. Kressig RW, Beauchet O: Guidelines for clinical applications of
spatio-temporal gait analysis in older adults. Aging Clin Exp Res 2006,
18(2):174–176.
38. Cohen J: Statistical power analysis for the behavioral sciences. New York:
Routledge; 1988.
39. Kwon S, Perera S, Pahor M, Katula JA, King AC, Groessl EJ, Studenski SA:
What is a meaningful change in physical performance? Findings from a
clinical trial in older adults (the LIFE-P study). J Nutr Health Aging 2009,
13(6):538–544.
40. Perera S, Mody SH, Woodman RC, Studenski SA: Meaningful change and
responsiveness in common physical performance measures in older
adults. J Am Geriatr Soc 2006, 54(5):743–749.
41. Goldman W, Baty J, Buckles V, Sahrmann S, Morris JC: Motor dysfunction in
mildly demented AD individuals without extrapyramidal signs. Neurology
1999, 53(5):956–962.
42. Nakamura T, Meguro K, Yamazaki H, Okuzumi H, Tanaka A, Horikawa A,
Yamaguchi K, Katsuyama N, Nakano M, Arai H, Aral H, Sasaki H: Postural
and gait disturbance correlated with decreased frontal cerebral blood
flow in Alzheimer disease. Alzheimer Dis Assoc Disord 1997, 11(3):132–139.
43. Visser H: Gait and balance in senile dementia of Alzheimer’s type. Age
Ageing 1983, 12(4):296–301.
44. Woollacott MH, Tang P-F: Balance control during walking in the older
adult: research and its implications. Phys Ther 1997, 77(6):646–660.
45. Schwenk M, Howe C, Saleh A, Mohler J, Grewal G, Armstrong D, Najafi B:
Frailty and Technology: A Systematic Review of Gait Analysis in Those
with Frailty. Gerontology 2014, 60(1):79–89.
46. Cott CA, Dawson P, Sidani S, Wells D: The effects of a walking/talking
program on communication, ambulation, and functional status in
residents with Alzheimer disease. Alzheimer Dis Assoc Disord 2002,
16(2):81–87.
47. Heitmann DK, Gossman MR, Shaddeau SA, Jackson JR: Balance
performance and step width in noninstitutionalized, elderly, female
fallers and nonfallers. Phys Ther 1989, 69(11):923–931.
48. Ko SU, Gunter KB, Costello M, Aum H, MacDonald S, White KN, Snow CM,
Hayes WC: Stride width discriminates gait of side-fallers compared to
other-directed fallers during overground walking. J Aging Health 2007,
19(2):200–212.49. Chyu M-C, James CR, Sawyer SF, Brismée J-M, Xu KT, Poklikuha G, Dunn DM,
Shen C-L: Effects of tai chi exercise on posturography, gait, physical
function and quality of life in postmenopausal women with osteopaenia:
a randomized clinical study. Clin Rehabil 2010, 24(12):1080–1090.
50. Menz HB, Latt MD, Tiedemann A, Mun San Kwan M, Lord SR: Reliability of
the GAITRite® walkway system for the quantification of temporo-spatial
parameters of gait in young and older people. Gait Posture 2004,
20(1):20–25.
51. Beauchet O, Allali G, Berrut G, Hommet C, Dubost V, Assal F: Gait analysis in
demented subjects: Interests and perspectives. Neuropsychiatr Dis Treat
2008, 4(1):155.
52. Brach JS, Swearingen JM, Perera S, Wert DM, Studenski S: Motor learning
versus standard walking exercise in older adults with subclinical gait
dysfunction: A randomized clinical trial. J Am Geriatr Soc 2013,
61(11):1879–1886.
53. Najafi B, Khan T, Wrobel J: Laboratory in a box: wearable sensors and its
advantages for gait analysis. Conf Proc IEEE Eng Med Biol Soc 2011,
2011:6507–6510.
54. Elble RJ, Hughes L, Higgins C: The syndrome of senile gait. J Neurol 1992,
239(2):71–75.
55. Lord SR, Lloyd DG, Nirui M, Raymond J, Williams P, Stewart RA: The effect
of exercise on gait patterns in older women: a randomized controlled
trial. J Gerontol A Biol Sci Med Sci 1996, 51(2):M64–M70.
56. Haskell WL: J.B. Wolffe Memorial Lecture. Health consequences of
physical activity: understanding and challenges regarding dose–
response. Med Sci Sports Exerc 1994, 26(6):649–660.
57. [Centre for Evidence Based Medicine, University of Oxford, http://www.
cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-
2009/ accessed at 12.05.2014].
doi:10.1186/1471-2318-14-73
Cite this article as: Schwenk et al.: Improvements in gait characteristics
after intensive resistance and functional training in people with
dementia: a randomised controlled trial. BMC Geriatrics 2014 14:73.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
